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This arTicle deals with two groups of glass bangles dating from the Mamluk (1171–1517) and Ottoman (1517–19th 
century) periods. They were discovered during 
archeological excavations at Tell abu sarbut 
and Khirbat Faris in central Jordan. Our focus 
is on the interrelated aspects of typology, textu­
al references to glass production, scientific analy­
sis, and some suggested sources for the glass and 
bangles.1 as part of this consideration, on a lo­
cal scale, we have investigated the hypothesis 
that two different “cultures” existed at the two 
sites.
Four hundred bangle fragments, about 100 
fragments of glass vessels, and a considerable 
quantity of pottery were found during excava­
tions at Tell abu sarbut, directed by hendricus 
indian Glass in the Middle east? 
Medieval and Ottoman Glass Bangles 
from central Jordan
Stéphanie Boulogne and Julian Henderson
Acknowledgments. The authors thank Marianne Barrucand, 
professor at Université Paris–sorbonne (Paris iV), who super­
vised s.B.’s doctoral research and who sadly died during the 
sum mer of 2008. We are grateful to Pierre lory, scientific direc­
tor of medieval studies of the institut Français du Proche­Orient, 
and the iFPO team in amman, especially Jean­François salles 
and Ghazi hijazi; to Bill Finlayson, director, and Nadja Qaisi, 
administrator of the council for British research in amman; 
and to alison McQuitty and Margreet steiner, directors of the 
excavation projects, for their authorization to publish this ma­
terial. We also thank s. carboni, D. Foy, c. Décobert, D. aigle, 
B. Walker, D. cardon, and c. augé for their advice. 
1. The bangles discussed are included in stéphanie Boulogne, 
“reflections of Popular art: coloured Glass Bangles from Medi­
eval and Ottoman Bilad al­sham,” Ph.D. diss., Université Paris–
sorbonne (Paris iV), 2007; and idem, “Les Bracelets de verre 
coloré polychromes des sites de Damas, Masyaf, Tell abu sar­
but et Khirbat Faris . . . : essai de synthèse,” Bulletin d’Etudes 
Orientales (institut Français du Proche­Orient), v. 57, 2006–
2007, pp. 127–153.
2. Margreet l. steiner, “an analysis of the islamic Glass 
Bracelets Found at Tell abu sarbut,” in Sacred and Sweet: Stud­
ies on the Material Culture of Tell Deir ‘Alla and Tell Abu Sar­
but, ed. M. l. steiner and e. J. van der steen, ancient Near 
eastern studies supplement series, no. 24, leuven: Uitgeverij 
Peeters, 2008, pp. 231–240; Margreet l. steiner and eveline J. 
van der steen, “The Glass Bracelets of Tell abu sarbut,” Studies 
in the History and Archaeology of Jordan, v. 5, 1995, pp. 537–
540.
3. M. Khoury, “The Glass archaeology from Khirbet Faris 
(Jordan): The Mamluk evidence,” Aram (Journal of the aram 
society of syro­Mesopotamian studies), v. 9, leuven: Peeters, 
1997, pp. 190–193; a. McQuitty, “Bangles,” in Report on Ex­
cavations at Khirbat Faris (in preparation).
edouard lagro and Margreet steiner of leiden 
University, between 1992 and 1998. This site 
was abandoned at the end of the Mamluk pe­
riod. it is located in the Jordan Valley, about 
one and a half kilometers northeast of Tell Deir 
‘alla, an area that specialized in the production 
of cane sugar and indigo.2 Khirbat Faris was ex­
cavated between 1988 and 1994 under the direc­
tion of Jeremy Johns of Oxford University and 
alison McQuitty, then of the council for British 
research in levant. Two phases of settlement 
were identified: (1) from the ninth to 12th centu­
ries and (2) from the 12th century to the end of 
the Ottoman period.3 sixty­seven colored ban­
gles (most of them dating to the Ottoman peri­
od), a large group of jewelry (including 42 rings 
and bangles), and about 180 fragments of glass 
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vessels dating from the 15th to 19th centuries (in­
cluding some enameled examples) were found.4
Tell abu sarbut is one of several medieval 
villages in the Jordan Valley dating to the Umay­
yad, abbasid, ayyubid, and Mamluk periods. 
Four of these villages—Tell Deir ‘alla, Tell abu 
Gurdan, Tell Qudsiya, and Tell sahl el­sarabet 
—were occupied during the Ottoman period.5 
Khirbat Faris is on the Kerak Plateau, an area 
of about 875 square kilometers, located between 
Wadi Mujib and Wadi al­hasa. a survey pub­
lished in 1991 identified 151 ayyubid–Mamluk 
settlements and 21 Ottoman villages. some of 
them, such as Khirbat shihan, were permanently 
occupied from abbasid times.6
BaNGles aND siTes
Tell aBU sarBUT (see Table 1)
One hundred eighty­two bangles of the most 
representative patterns were selected for study. 
Most of them (91 multicolored and 78 mono­
chrome) were surface finds and date, accord ing 
to typological parallels, to the Mamluk–Otto­
man periods. Three multicolored bangles were 
assigned to the ayyubid period, and 10 to the 
Mamluk period.7
Multicolored Glass Bangles
One hundred one multicolored glass bangles 
were assigned to three typological groups: (1) 
decorated with prunts (10 examples), (2) spiral­
ly twisted (87), and (3) decorated with a glass 
strip (1); the decoration of the other three ban­
gles was unclassified. The glass is generally trans­
lucent, sometimes lightly tinted, but mostly of 
darker hues, either green or apparently “black” 
(mainly brown). The bangles are often decorat­
ed with a “surface coating.”8
Parallels for these bangles vary according to 
the types, and the same combination of decora­
tion is rarely found. Parallels for bangles with a 
flat section and decorated with crumbs or specks 
come from Mamluk levels at hubras,9 from two 
separate levels at Khirbat Minyeh (Pal estine),10 
and from shihr (Yemen; medieval and later lev­
els).11 another example, with a triangular sec­
tion, found at Kawd am­saila (Yemen), is dat ed 
to a later period.12 spirally twisted bangles with 
round sections, a dark glass core with surface 
coating, and several colored cables, such as yel­
low, red, and blue, are known from Tell erani 
(Mamluk).13 The type has also been identified 
among material from other sites on the arabian 
Peninsula, such as in abbasid levels at sharma 
(Yemen).14 
examples of bangles decorated with a thick 
glass strip on the surface have been found at 
Qusayr al­Qadim (Mamluk), and the same gen­
eral type has been uncovered in present­day Ne­
pal.15
4. some of the glass was published in J. Johns and a. Mc­
Quitty, “The Faris Project: supplementary report on the 1986 
and 1988 seasons: The coins and the Glass,” Annual of the De­
partment of Antiquities of Jordan, v. 33, 1989, pp. 245–258; 
Khoury [note 3].
5. Jum’a Mahmoud h. Kareem, The Settlement Patterns in 
the Jordan Valley in the Mid­ to Late Islamic Period, Bar in­
ternational series, no. 877, 2000, Oxford: hadrian Books ltd., 
pp. 8–63 and 66–81. 
6. J. Maxell Miller, ed., An Archaeological Survey of the 
Kerac Plateau, american school of Oriental research, atlanta: 
scholars Press, 1991, pp. 23–167 and 307–319.
7. steiner [note 2]; steiner and van der steen [note 2].
8. Maud spaer, “islamic Glass Bracelets of Palestine: Prelim­
inary Findings,” Journal of Glass Studies, v. 34, 1992, pp. 44–
62.
9. stéphanie Boulogne, “Glass Bangles from hubras and 
Mal ka excavations,” in Bethany J. Walker and others, “The 
Northern Jordan Project 2006: Village life in Mamluk and Ot­
toman hubras and sahm: a Preliminary report,” Annual of the 
Department of Antiquities of Jordan, v. 52, 2007, pp. 429–470.
10. spaer [note 8], pp. 59–60.
11. This unpublished material was studied during the 2007 
shihr mission, directed by c. hardy­Guilbert (centre National 
de la recherche scientifique, Unité Mixte de recherche 8167 
Orient et Méditerranée [hereafter, UMr]). We are grateful for 
permission to refer to it.
12. T. Monod, “sur un site à bracelets de verre des environs 
d’aden,” Rayden (Journal of ancient Yemeni antiquities and 
epigraphy), v. 1, 1978, pp. 111–125.
13. spaer [note 8].
14. sharma was investigated by a. rougeulle, and the mate­
rial is being processed by the centre National de la recherche 
scientifique, UMr. We thank her for giving us permission to 
refer to it.
15. M. Gaborieau, “Bracelets et grosses perles de verre: Fa­
brication et vente en inde et au Népal,” Objets et mondes (Paris), 
v. 17, no. 3, 1977, pp. 111–130, esp. pp. 112–117.
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Sample 
Number
 
Site
 
Type*
Inventory 
Number
 
Dating
 
Comparative Data
High­Alumina Glass
aB34 Tell abu sarbut PPrunts [205] Mamluk No parallel for this combination of colors
aB30 Tell abu sarbut Msmooth [314] Mamluk–Ottoman Pre­islamic and islamic: saladin’s castle, raqqa, Beyrouth, hubras, shihr  
aB17 Tell abu sarbut Msmooth [315] Mamluk–Ottoman Pre­islamic and islamic: saladin’s castle, raqqa, Beyrouth, hubras, shihr 
aB26 Tell abu sarbut Msmooth [315] Mamluk–Ottoman Pre­islamic and islamic: saladin’s castle, raqqa, Beyrouth, hubras, shihr  
aB21 Tell abu sarbut Msmooth [317] Mamluk–Ottoman Pre­islamic and islamic: saladin’s castle, raqqa, Beyrouth, hubras, shihr  
aB22 Tell abu sarbut Msmooth [327] Mamluk–Ottoman Pre­islamic and islamic: saladin’s castle, raqqa, Beyrouth, hubras, shihr  
aB1 Tell abu sarbut MTwisted [382] Mamluk–Ottoman Pre­islamic and islamic: rahba­Mayadine, Qasr al­hayr, hubras
aB36 Khirbat Faris Msmooth [423] Ottoman Pre­islamic and islamic: saladin’s castle, raqqa, Beyrouth, hubras, shihr  
aB32 Khirbat Faris Msmooth [422] Ottoman–Modern Pre­islamic and islamic: saladin’s castle, raqqa, Beyrouth, hubras, shihr  
Mineral Glass
aB2 Tell abu sarbut PPrunts [207] Mamluk No parallel for this combination of colors
aB3 Tell abu sarbut PPrunts [220] Mamluk–Ottoman Flower type found on antique jewels from eastern europe
aB4 Tell abu sarbut PPrunts [219] Mamluk–Ottoman No parallel for this combination of colors
aB13 Khirbat Faris combined [398] Mamluk–Ottoman Tell el­hesi
aB15 Khirbat Faris PTrails [394] Ottoman Tell erani, hebron
Plant­Ash Glass
aB6 Tell abu sarbut PPrunts [202] 935 ayyubid Qusayr al­Qadim
aB11 Tell abu sarbut PTwisted [203] ayyubid No parallel for this combination of colors
aB35 Tell abu sarbut PPrunts [207] Mamluk No parallel for this combination of colors
aB7 Tell abu sarbut Pcrumbs [222] Mamluk–Ottoman hubras, Khirbat Minyeh, Kawd am­saila, shihr
aB25 Tell abu sarbut Pcrumbs [223] Mamluk–Ottoman hubras, Khirbat Minyeh, Kawd am­saila, shihr
aB37 Tell abu sarbut Pcrumbs [223] Mamluk–Ottoman hubras, Khirbat Minyeh, Kawd am­saila, shihr
aB38 Tell abu sarbut Pcrumbs [223] Mamluk–Ottoman hubras, Khirbat Minyeh, Kawd am­saila, shihr
aB20 Tell abu sarbut Pstrips [227] Mamluk–Ottoman No parallel for this combination of colors
aB8 Tell abu sarbut PTwisted [239] Mamluk–Ottoman Tell erani, sharma, shihr
aB9 Tell abu sarbut PTwisted [239] Mamluk–Ottoman Tell erani, sharma, shihr
aB23 Tell abu sarbut PTwisted Tr22 02 Mamluk–Ottoman Tell erani, sharma, shihr
aB28 Tell abu sarbut PTwisted s1122 Mamluk–Ottoman Tell erani, sharma, shihr
aB29 Tell abu sarbut PTwisted s1122 Mamluk–Ottoman Tell erani, sharma, shihr
aB18 Tell abu sarbut Msmooth [311] Mamluk–Ottoman Pre­islamic and islamic: saladin’s castle, raqqa, Beyrouth, hubras, shihr  
aB19 Tell abu sarbut Msmooth [329] Mamluk–Ottoman Pre­islamic and islamic: saladin’s castle, raqqa, Beyrouth, hubras, shihr   
aB12 Tell abu sarbut Msmooth S1104 Mamluk–Ottoman Pre­islamic and islamic: saladin’s castle, raqqa, Beyrouth, hubras, shihr  
aB5 Tell abu sarbut Msmooth S1104 Mamluk–Ottoman Pre­islamic and islamic: saladin’s castle, raqqa, Beyrouth, hubras, shihr  
aB24 Tell abu sarbut MTwisted [377] Mamluk–Ottoman Pre­islamic and islamic: rahba­Mayadine, Qasr al­hayr, hubras
aB10 Tell abu sarbut MTwisted s1242 Mamluk–Ottoman Pre­islamic and islamic: rahba­Mayadine, Qasr al­hayr, hubras
aB16 Khirbat Faris PPrunts [389] Mamluk hama
aB31 Khirbat Faris MTwisted [443] Ottoman–Modern Pre­islamic and islamic: rahba­Mayadine, Qasr al­hayr, hubras
aB33 Khirbat Faris MTwisted [434] Ottoman–Modern Pre­islamic and islamic: rahba­Mayadine, Qasr al­hayr, hubras
aB27 Khirbat Faris MTwisted [440] Ottoman–Modern Pre­islamic and islamic: rahba­Mayadine, Qasr al­hayr, hubras
aB14 Khirbat Faris PPrunts [38oo] Khf Not identified No parallel for this combination of colors
TaBle 1
chemically analyzed samples from Tell abu sarbut and Khirbat Faris (by Date)
*P=polychrome; M=monochrome
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16. spaer [note 8].
17. Julian henderson, “archaeological and scientific evi­
dence for the Production of early islamic Glass in al­raqqa, 
syria,” Levant, v. 31, 1999, pp. 225–240.
18. h. D. sankalia, s. B. Deo, and Z. D. ansari, From His­
tory to Prehistory at Nevasa, 1954–1956, Poona, Pune: Deccan 
college Postgraduate and research institute, 1960, p. 446; h. D. 
sankalia, “The antiquity of Glass Bangles in india,” Bulletin of 
the Deccan College Research Institute (Poona), 1947, pp. 252–
259; h. D. sankalia and M. G. Dikshit, “excavations and 
stratigraphy,” Excavations at Brahmapuri (Kolhapur) 1945–46, 
Poona: Deccan college, 1952, pp. 111–121.
19. excavations by M. O. rousset (centre National de la re­
cherche scientifique, UMr Orient­Méditerranée), unpublished.
20. excavations of Qasr al­hayr al­sharqi were directed by 
D. Genequand (council for British research in the levant, 
am man, and service cantonnal d’archéologie, Geneva, switz­
erland). We thank Bethany Walker (director of the hubras mis­
sion, Missouri state University, springfield, Missouri) for per­
mission to mention this material.
21. spaer [note 8].
22. J. riis and V. Poulsen, “les Verreries et poteries médié­
vales,” in Hama: Fouilles et recherches, 1931–1938, v. 4, no. 2, 
copenhagen: Nationalmuseet, 1957, pp. 30–130.
23. Y. shindo, “islamic Glass Bracelets Found in the red sea 
region,” Annales de l’Association Internationale pour l’His­
toire du Verre, v. 13, Pays Bas, 1995 (lochem, 1996), pp. 269–
276; idem, “The classification and chronology of the islamic 
Glass Bracelets from al­Tu¯r, sinaï,” Cultural Change in the Arab 
World, senri ethnological studies, v. 55, Osaka: National Mu­
seum of ethnology, 2001, pp. 73–100. The material from the 
shihr excavations is being prepared for publication.
24. M. spaer and others, Ancient Glass in The Israel Muse­
um: Beads and Other Small Objects, Jerusalem: The israel Mu­
seum, 2001, pp. 193–205.
Monochrome Glass Bangles
The 76 monochrome bangles were assigned 
to three types: (1) smooth (30 examples have flat 
and triangular sections), (2) spirally twisted (45 
examples have rounded sections), and (3) with 
vertical ribbing (one example has a half­round­
ed section). all of these have parallels from late 
antiquity.16 The glass is generally of translucent 
dark colors (brown, green, or blue) and has a 
surface coating.
examples of smooth cobalt blue bangles have 
been found in ayyubid contexts at saladin’s cas­
tle (Damascus), raqqa,17 Beirut and hubras (in 
Ottoman–modern contexts), and shihr (Yemen, 
medieval contexts). in india, some darkly tint­
ed or smooth blue examples are known from 
medieval levels at Nevasa, Baroda, and Brahma­
puri.18
spirally twisted bangles, especially those with 
narrow, thick twists, were widespread during 
pre­islamic times and in ayyubid levels (cobalt 
blue) at rahba­Mayadine (many examples)19 
and raqqa; others have been found in Qasr al­
hayr al­sharqi (Mamluk) and hubras.20 One 
frag ment, decorated with vertical ribbing, is a 
well­known type in late antique contexts in the 
Middle east; parallels have also been found in 
Umayyad levels at Khirbat Minyeh.21
KhirBaT Faris (see Table 1)
at Khirbat Faris, most of the bangles (18 mul­
ticolored and 41 monochrome examples) came 
from Ottoman and Ottoman–modern periods.
Three multicolored fragments were dated to 
the ayyubid–Mamluk periods. Of the mono­
chrome examples, five came from abbasid–
Mam luk contexts and five were found in layers 
dating to the ayyubid–Ottoman periods.
Multicolored Bangles
a typological study of polychrome glass ban­
gles highlighted six decorative groups: (1) deco­
rated with prunts (5 examples), (2) twisted (2), 
(3) marvered (1), (4) decorated with trails (3), 
(5) decorated with colored patches (4), (5) twist­
ed (2), and (6) decorated with crumbs (1). 
Most of these bangles have a deep translucent 
color. Those decorated with prunts often also 
have a surface coating of glass. a parallel can be 
cited from medieval hama, syria.22 Bangles with 
diagonal lines surrounding the main decoration 
of prunts have been found in medieval and late 
contexts at al­Tur, sinai, and in late contexts at 
shihr.23 No parallels have been found for the 
mar vered example with a semicircular cross sec­
tion. One trail­decorated translucent blue bangle 
with a triangular section was found in medieval 
and later levels at Tell erani (Bilad al­sham), and 
another was excavated in a late context at he­
bron.24 The patch­decorated bangles have par­
allels from hubras (Mamluk–Ottoman levels), 
the Damascus citadel (Ottoman period), Khalil 
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25. stefano carboni, “Glass Bracelets from the Mamluk Pe­
riod in The Metropolitan Museum of art,” Journal of Glass 
Studies, v. 36, 1994, pp. 126–129; stéphanie Boulogne, Les Bi­
joux de la Citadelle de Damas (in preparation). We thank Dr. 
sophie Bertier for permission to refer to these bracelets.
26. l. e. Toombs, “Modern Military Trending and Muslim 
cemetery in Field i strata iii,” Tell el­Hesi: The Joint Archaeo­
(late Ottoman), and Upper egypt (Mamluk pe­
riod).25 a subtype with both marvered and patch 
decorations, of late Ottoman date, was found at 
Tell el­hesi, Palestine.26 a blue fragment with a 
triangular section decorat ed with patches, mixed 
with a thick white central band, has a parallel 
close to those from Khir bat Minyeh, dating to 
medieval and later times.27
Twisted bangles with fragmentary orange in­
ner twisted cables are well known from the me­
dieval and later levels at Masyaf castle, Beirut,28 
and from collections of glass bangles bought 
in Vienna in 1873.29 This type was also found 
among the material excavated from al­Tur, Fus­
tat, and Kawd am­saila. T. Monod described 
this kind as “corps transparents et ornaments 
in ternes” (translucent body with inner orna­
ment).30
Monochrome Bangles
Four types have been identified among the 
41 monochrome bangles: (1) smooth (22 exam­
ples), (2) spirally twisted (16), (3) with vertical 
ribbing (2), and (4) with horizontal ribbing (1). 
The types and colors are generally similar to 
those described for examples from Tell abu sar­
but. The glass core is frequently of a translucent 
dark color, with a surface coating that is gen­
erally of the same color. Four of the smooth 
fragments are dated to the abbasid–Mamluk 
periods, and two to the Ottoman period. One 
twisted bangle is pale yellow­ocher, and it is dat­
 ed to the abbasid–Mamluk periods. Most of the 
other examples, from the same periods, are dark 
in color. Two examples are dated to the ayyubid–
Ottoman periods and seven to the Ottoman–
modern periods.
Dark glass bangles with a flat section and 
decorated with horizontal ribbing can be dated 
to the Ottoman period. The same type is also 
found in fifth­ and sixth­century contexts in the 
Middle east. One example with diagonal rib­
bing was found at Masyaf castle, Beirut (Otto­
man), and another came from Nevasa, Pravara, 
in western india, but it has not been dated.
DiscUssiON
The heterogeneity of the collections of poly­
chrome bangles from Tell abu sarbut and Khir­
bat Faris is remarkable. They share only two 
typological groups: those with prunts, and those 
with strips. Variations are nevertheless dissimi­
lar, even though they may be made from trans­
lucent deep “black” or green glass.
at Tell abu sarbut, bangles with crumb dec­
oration and those with multicolored twisted 
cables have interesting parallels from Khirbat 
Minyeh, Tell erani in Bilad al­sham, Kawd am­
saila, and shihr in Yemen. 
Parallels for the bangles found at Khirbat 
Faris have been found at hubras (decorated 
with patches); at hebron and Tell erani (dec­
orated with strips on the side); and at Beirut, 
hebron, and Kawd am­saila (decorated with an 
inner cable). it is apparent that Kawd am­saila 
must be considered as a point of reference for 
the numerous parallels.
in contrast, there is some typological and 
technical homogeneity among the monochrome 
bangles from both sites. Those that are smooth, 
twisted, and decorated with horizontal ribs in 
dark colors also show a surface coating. it was 
difficult to find parallels for this material from 
Middle eastern medieval and late islamic sites 
logical Expedition to Tell el­Hesi, v. 2, 1985, Waterloo, On­
tario: Wilfred laurier University, 1985, p. 200.
27. spaer [note 8].
28. Boulogne, “reflections” [note 1].
29. in the Österreichisches Museum für angewandte Kunst, 
Vienna.
30. Monod [note 12], no. 20, fig. 85. 
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where mainly turquoise blue fragments (such as 
those from Damascus, Masyaf, Beirut, and Qasr 
al­hayr) have been found.31 Based on typolog­
ical parallels, the bangles are thought to have 
been made in various locations. some may be of 
“local” origin, while others may have come from 
farther afield, perhaps from Yemen and india.32 
The heterogeneity of the polychrome examples 
from each site could also suggest a range of prov­
enances. 
WOrKshOPs
WOrKshOPs iN BilaD al­shaM
secondary glass workshops are well repre­
sented by textual sources and archeological re­
mains, particularly in Bilad al­sham. Moreover, 
in the case of Tyre and hebron, there is men­
tion of sand sources, one of which is noted by 
Manfred Korfmann: “le sable provenait du vil­
lage de Beni Naïm, à quelques kilometres à l’est 
de hébron.”33
Glass Vessel Workshops
There is historical and archeological evidence 
of urban workshops in Beirut, Damascus, alep­
po, and raqqa. in the 12th century, ibn ‘asakir 
noted that a glass workshop in Damascus (“mas­
bak az­Zubak”) is located to “l’est du Dar al­
Bittih au nord du quartier de Kenchk.”34 in Bei­
rut, archeological evidence of vessel production 
during the Mamluk period was found next to 
the ribbat ibn ‘iraq. in aleppo, the cosmogra­
pher al­Qazwı¯nı¯ (d. 1283) mentions the su¯q al­
marzuqı¯n (market of enamelers); purple glass is 
said to have come from Jerusalem.35 in raqqa, 
extensive evidence for the production of glass 
vessels—including moils for glassblowing—has 
been found.36 The large quantity of glass dated 
to the ayyubid and Mamluk periods found in 
hama, and the glass slag discovered on the cit­
adel Mound there, suggests local production, 
especially of vessels decorated with vertical ribs, 
filets or prunts, and cutting and painting. There 
is also conclusive evidence of primary glass pro­
duction at Tyre, as well as historical evidence 
for a workshop at somelaria next to the city of 
acre (12th and 13th centuries).37
Glass Vessels and Jewelry Workshops
Glass bangles and beads dated to late antiq­
uity were among the material excavated from 
the necropolis at Tyre.38 al­Maqdisi believes that 
glass bead production was common during the 
10th century.39 Twisted bangles decorated with 
patches or with an inner colored cable have been 
identified among the collections of bracelets dis­
covered in the late Ottoman workshops at he­
bron in 1873 and stored in the Öster reich isches 
31. Boulogne, unpublished material.
32. sankalia [note 18].
33. Manfred Korfmann, “Zur herstellung nahtloser Glas­
ringe,” Bonner Jahrbücher, v. 166, 1966, pp. 48–61.
34. Nikita elisseeff, La Description de Damas d’Ibn ‘Asa­
kir, Damascus: institut Français de Damas, 1959, p. 102.
35. J. M. abdallah, “The aUB Beirut souks excavations, 
1994–1996: The closed Glass Vessels,” M.a. thesis, american 
University, Beirut, lebanon, 1999, pp. 128–136, 141, and 317; 
shulamit hadad, “Marvered Glass Vessels from the Umayyad 
through Mamluk Periods at Bet shean, israel,” Levant, v. 34, 
2002, pp. 151–158; rachel hasson, “islamic Glass from exca­
vations in Jerusalem,” Journal of Glass Studies, v. 25, 1983, 
pp. 109–113; r. irwin, “a Note on Textual sources for the 
history of Glass,” in Gilded and Enamelled Glass from the 
Middle East, ed. rachel Ward, london: British Museum, 1998, 
pp. 24–26.
36. henderson [note 17].
37. Fred aldsworth and others, “Medieval Glassmaking at 
Tyre, lebanon,” Journal of Glass Studies, v. 44, 2002, pp. 49–
66; s. D. Goitein, “The Main industries of the Mediterranean 
area as reflected in the records of the cairo Geniza,” Journal 
of the Economic and Social History of the Orient, v. 4, no. 2, 
1961, pp. 168–197; Gladys Davidson Weinberg, “a Glass Fac­
tory of crusader Times in Northern israel (Preliminary re­
port),” Annales de l’Association Internationale pour l’Histoire 
du Verre, v. 10, Madrid–segovia, 1985 (amsterdam, 1987), pp. 
305–316.
38. M. chehab, “Fouille de Tyr. la Nécropole iV: Descrip­
tion des fouilles,” Bulletin du Musée de Beyrouth (Paris), v. 36, 
1986, pp. 97–157; s. Boulogne, “la Production de bijoux de 
verre dans l’espace islamique médiéval et tardif: Un artisanat 
spécialisé,” Annales de l’Association Internationale pour l’His­
toire du Verre, v. 18, antwerp, 2006 (in press).
39. Personal communication from Dr. Michel al­Maqdisi, 
director general of antiquities, Damascus, syria.
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Museum für angewandte Kunst in Vien na.40 The 
glass production area is called the “ha rat Ksas­
sy.”41
The well­known traveler Frescobaldi ex­
plained that, in hebron, “ils font le premier mo­
dèle de verre . . . et plus qu’il n’ait jamais vu.”42 
During the 15th century, anselmo adorno re­
ported that “sont faits tous les objets de verre 
trouvés en syrie et au caire.”43 Between 1783 
and 1787, Volney described hebron as “une 
ver rerie fort ancienne, la seule qui existe en sy­
rie. il en sort une grande quantité d’anneaux 
colorés, de bracelets pour les poignets, pour les 
jambes, pour le bras au­dessus du coude, et di­
verses autres bagatelles que l’on envoie jusqu’à 
constantinople. au moyen de ces branches d’in­
dustrie, habroun est le plus puissant village de 
ces canton.”44
in 1851, ch. de Pardieu stated that al­Khalil 
is “renommée maintenant pour ses verreries. 
On y fabrique beaucoup de vases, d’ornements 
pour la toilette des femmes arabes, de bracelets 
en verroterie qu’on expédie assez loin.”45
“FOreiGN” WOrKshOPs
We will focus on workshops in Yemen and 
india, since parallels have been found there for 
the Jordanian bangles.
Yemen
in Yemen, bangles have been found with sin­
gle prunts surrounded by diagonal lines (lozeng­
es), and with crumbs and speckled decoration. 
several examples with spirally twisted cables 
were discovered among the bangles from shihr 
and among those found at Kawd am­saila, but 
the latter had only inner cables. at shihr, ex ca va­
tions produced more than 550 bangle frag ments 
together with glassy slags of a color similar to 
that of most of the fragments and numerous 
crucibles, suggesting local production of at least 
part of this material. local workshops were 
ident ified by Monod in 1978 and described by 
Ga borieau as follows: “J’ai eu l’oc casion cette 
an née de visiter un atelier ancien de verriers 
proche d’aden, où l’on fabriquait des bracelets 
souvent très semblables à ceux que j’avais re­
cueillis en erythrée.”46
India, Asia, and Southeastern Asia
chemical analyses of glass bangles (see below) 
show that a component of the glass with elevat­
ed alumina levels probably derived from these 
areas, especially where it is present in smooth, 
translucent deeply colored bangles found at both 
Tell abu sarbut and Khirbat Faris. Parallels for 
bangles from these two locations can be found 
among indian material: multicolored bangles 
dec orated with patches, some decorated with 
prunts, and some monochrome examples with 
horizontal ribbing, as discussed above. such 
bangles have been discovered at the western in­
dian sites of Brahmapuri, Baroda, and Nevasa. 
in Brahmapuri, traces of kilns suggest local 
production during the medieval period.47 re­
cycled material and imported ingots may have 
been employed to pro duce bangles there. some 
of the bangles may have been imported from 
southeastern asia. Monochrome ex amples were 
discovered near Brunei, and oth ers were found 
40. Korfmann [note 33].
41. Ulrich Jasper seetzen, Reisen durch Syrien, Palästina, 
Phö nicien, die Transjordan Länder Arabia Petrae und Unter­
Aegypten, Berlin: Georg Friedrich hermann Müller, v. 2, 1854–
1859, p. 48.
42. Frescobaldi, “From Gaza to hebron,” in leonardo Fre s ­
co baldi, Giorgio Gucci, and simone sigoli, Visit to the Holy 
Places of Egypt, Sinai, Palestine, and Syria in 1384, trans. from 
italian by Fr. Theophilus Bellorini, Jerusalem: Franciscan Press, 
1948, pp. 67–68.
43. a. adorno, Itinéraire d’Anselme Adorno en Terre Sainte 
(1470–1471), ed. Jacques heers and Georgette de Groer, Paris: 
editions du centre National de la recherche scientifique, 1948, 
p. 251.
44. M. c.­F. Volney, Voyages en Syrie et en Egypte pendant 
les années 1783, 1784 et 1785, v. 2, Paris: Volland, Desenne, 
1787, p. 300; Dawson Borrer, A Journey from Naples to Jeru­
salem . . . , london: J. Madden, 1845, pp. 453–454. 
45. ch. de Pardieu, Excursion en Orient: L’Egypte, le Mont 
Sinaï, l’Arabie, la Palestine, la Syrie, le Liban, Paris: Garnier 
Frères, 1851, pp. 224–225.
46. Unpublished letter from M. Gaborieau to T. Monod.
47. sankalia and Dikshit [note 18].
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at Kuala lumpur and sungaï lumut.48 several 
trade routes may have been involved, with ships 
leaving red sea ports and stop ping in india or 
southern asia before re turn ing to china or the 
red sea.49
DiscUssiON
it is very probable that the al­Khalil bangles 
were locally produced. adorno explained that, 
in hebron, these objects could have been sent to 
cairo.50 Work by al­Ju‘beh proposes the exist­
ence of some “comptoirs” at Fustat and Kerak.51 
hawking may have been another mode of dis­
tri bution, using trade routes of the “Bahri Mam­
luks,” between the 12th and 14th centuries.52 
however, a tribute group from hebron named 
the Majali or Banu Tamim (or Tamiyya), which 
arrived at Khirbat Faris in the 16th century, may 
have brought the bangles to that location. an­
other possible mode of distribution was pilgrim­
ages to hebron.53
The ethnographic study by Manfred Korf­
mann at hebron revealed that crafts and crafts­
men, as well as their ovens, were mobile.54 as 
noted above, workshops must have existed in 
Yemen and in india; connections may also have 
been stimulated by trade. During ayyubid times, 
letters from Jewish merchants living in aden, 
which quote exchanges with eastern india and 
ceylon, are well­known.55 Under the Mamluks, 
trade controlled by the Karimis, who were Jew­
ish or christian merchants, occurred in syria, 
egypt, Yemen, and the sudan.56
aden and shihr were commercial ports on the 
indian Ocean. shihr apparently traded with the 
Far east, while aden was the main harbor link­
ing the indian Ocean, the red sea, and the sinai 
under the ayyubid period, and then under the 
rasulids and Ottomans.57
scieNTiFic aNalYsis
exPeriMeNTal MeThODs
Thirty­six microsamples of bangles, selected 
on the basis of color and type (see Table 2), were 
chemically analyzed by electron probe micro­
analysis. The technique and the potential sources 
of error are described in detail elsewhere.58 The 
system used was a cameca sx50, located at the 
British Geological survey, Keyworth, U.K. The 
microprobe was calibrated using geological and 
National institute of standards and Technol o gy 
glass standards. a combination of systematic 
and analytical error (the gross error) of the ana­
lytical system, by element, is shown by a com­
parison between the cited chemical composition 
of the corning B standard and that obtained by 
an average of three chemical analyses of cor­
ning B following calibration using the other stan­
dards (see Table 2). examples of bangles of each 
of the three main compositional types described 
below are shown in Figures 1–3. 
48. N. huet, “eléments de parure, bracelets et perles,” in La 
Mémoire engloutie de Brunei: Une aventure archéologique sous­
marine, Paris: Précis scientifique, 2001, pp. 129–137. 
49. Ibid.
50. adorno [note 43]. 
51. N. al­Ju‘beh, “la route de pèlerinage entre Jérusalem et 
hébron: la Production du verre,” in L’Art Islamique en Médi­
terranée, Pèlerinages, Sciences et Soufisme: L’Art Islamique en 
Cisjordanie et à Gaza, edisud: Musée sans Frontières, 2004, pp. 
187–211 and 214–215.
52. Jean sauvaget, La Poste aux Chevaux dans l’empire des 
Mamelouks, Paris: librairie d’amérique et d’Orient, adrien 
Mai sonneuve, 1941, pp. 1–41.
53. shindo, “The classification” [note 23], p. 93.
54. Korfmann [note 33].
55. s. D. Goitein, Letters of Medieval Jewish Traders, Prince­
ton, New Jersey: Princeton University Press, 1973, pp. 181 and 
183. 
56. e. ashtor, “The Karimi Merchants,” Journal of the Roy­
al Asiatic Society, april 1965, pp. 45–56.
57. Michel Tuchscherer, “Des épices au café[: l]e Yémen dans 
le commerce international (xVie–xViie si[è]cle),” in Chroniques 
Yéménites (cefas, sanaa): http://cy.revues.org/document103.
html; claire hardy­Guilbert: “shihr, porte du ha dra maout sur 
l’océan indien, à la période islamique,” Les Dossiers d’Archéo­
logie (Dijon), no. 263, 2001, pp. 82–86.
58. Julian henderson, “electron Probe Microanalysis of 
Mixed­alkali Glasses,” Archaeometry, v. 30, no. 1, February 
1988, pp. 77–91.
61
223
Tell Abu Sarbut
222 377239
389
Khirbat Faris
443
203202
FiG. 1. Plant­ash glasses:
202 (AB6). Tell Abu Sarbut. Polychrome bangle of dark translucent glass, 
decorated with yellow prunts, flat section. Ayyu bid period. L. 3.9 cm, D. 0.6 cm.
203 (AB11). Tell Abu Sarbut. Polychrome twisted bangle of translucent 
light blue glass, rounded section. Ayyubid period. L. 2 cm, D. 0.5 cm.
222 (AB7). Tell Abu Sarbut. Polychrome bangle of dark translucent glass 
with crumb decoration, flat section. Mamluk–Ottoman periods. L. 5.1 cm, 
W. 0.6 cm.
223 (AB25). Tell Abu Sarbut. Polychrome bangle of dark translucent glass 
with crumb decoration, flat section. Mamluk–Ottoman periods. L. 2.4 cm, 
W. 0.5 cm.
239 (AB8). Tell Abu Sarbut. Polychrome dark translucent bangle with twisted 
yellow cable, rounded section. Mamluk–Ottoman periods. L. 7.7 cm, W. 0.5 cm.
377 (AB24). Tell Abu Sarbut. Monochrome twisted translucent green bangle 
with round ed section. Mamluk–Ottoman periods. L. 6.4 cm, W. 0.5 cm.
389 (AB16). Khirbat Faris. Polychrome bangle of dark translucent glass, 
decorated with yellow prunts, half­rounded section. Mamluk period. L. 5.3 cm, 
D. 0.5 cm.
443 (AB31). Khirbat Faris. Monochrome twisted bangle of dark translucent 
blue glass. Ottoman–Modern periods. L. 2.9 cm, W. 0.8 cm.
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220
219207
Tell Abu Sarbut
Khirbat Faris
398
394 398220
FiG. 2. Mineral glasses:
207 (AB2). Tell Abu Sarbut. Polychrome bangle of dark translucent glass 
with surface coating. Mamluk period. L. 1.9 cm, W. 0.6 cm.
219 (AB4). Tell Abu Sarbut. Polychrome bangle with light blue core and 
surface coating, flat yellow prunt with orange tip, triangular section. Mamluk–
Ottoman periods. L. 2.4 cm, W. 0.4 cm.
220 (AB3). Tell Abu Sarbut. Polychrome bangle decorated with prunts, 
surface coating, flat section. Mamluk–Ottoman periods. L. 2.6 cm, W. 0.6 cm.
394 (AB15). Khirbat Faris. Polychrome bangle of blue glass with twisted 
white and dark translucent cables on sides, triangular section. Ottoman period. 
L. 5.9 cm, W. 1 cm.
398 (AB13). Khirbat Faris. Polychrome bangle of translucent green glass, with 
polychrome cable marvered on one side and decorated with plain band on other 
sides, triangular section. Mamluk–Ottoman periods. L. 2.8 cm, W. 0.7 cm.
resUlTs
The chemical analyses of the 36 samples are 
given in Table 2. They reveal an unexpected ly 
wide range of compositions that fall into three 
main types: (1) plant­ash glass, (2) high­alumina 
glass, and (3) mineral glass, made with an alkali­
rich mineral other than natron. There is also a 
single example of a glass made using the min­
eral natron (aB35). Two samples of plant­ash 
glass that have compositions somewhat differ­
ent from those of the main plant­ash group 
have been des ignated “plant­ash 1 glass.” The 
composition al characteristics that led to the clas­
sification into three main types can be seen in the 
biplots of pairs of components.
The relative levels of alkalis in the glass types 
are shown in Figure 4. Most of the plant­ash 
glass es contain the lowest total alkali (about 
11%–16%). There is one unusual plant­ash glass 
(aB27) that contains 5.98% potassium oxide 
and 8.79% sodium oxide. however, its other 
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205
Tell Abu Sarbut
Khirbat Faris
423314
FiG. 3. High­alumina glasses:
205 (AB34). Tell Abu Sarbut. Fragment of translucent blue glass with two 
brown prunts, half­rounded flat section. Mamluk period. L. 2.6 cm, W. 0.5 cm.
314 (AB30). Tell Abu Sarbut. Smooth, dark fragment with triangular section. 
Mamluk–Ottoman periods. L. 4.3 cm, W. 0.7 cm.
423 (AB36). Khirbat Faris. Smooth, dark fragment with half­rounded section. 
Ottoman period. L. 3 cm, W. 0.7 cm.
components fall well within the plant­ash group. 
The total alkali contents of the mineral glasses 
range from about 14% to 19%, those of the 
two plant­ash 1 glass samples are 22.79% and 
24.21%, and the high­alumina glasses have 
some of the highest levels—21% to 28% (Figs. 
4–8). 
The plant­ash glasses are further character­
ized by typically elevated magnesia and potas­
sium ox ide contents,59 as shown in Figure 5. 
(This figure clearly shows that each composi­
tional type is distinct in the relative levels of 
these two oxides.) Other compositional char­
acteristics indicating that the glasses were made 
from an organic (plant­ash) flux are elevated 
phosphorus pentoxide and sulfur trioxide (Figs. 
6 and 7). They contain the highest calcium 
oxide levels of the glasses analyzed (7.17%–
10.47%). apart from one sample (aB15, a min­
eral glass), the glasses contain calcium oxide 
levels below 5.57% (Fig. 6). The alumina levels 
in the plant­ash glasses are variable, with a mean 
of 1.21% (Fig. 8). These levels suggest that an 
im pure quartz sand was used to make the glass­
es. Only in the case of the two plant­ash 1 glass 
samples, with alumina levels of 2.23% and 
2.3%, can it be suggested that a beach sand, 
with alkali feldspar impurities introducing these 
levels of alumina, was employed.
The high­alumina glasses are composition­
ally very distinct from the other types. Their 
alumina levels range from 5.95% to 10.25% 
59. edward V. sayre and r. W. smith, “compositional cat­
egories of ancient Glass,” Science, v. 133, no. 3467, 1961, pp. 
1824–1826.
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Sample 
Number
 
Color
 
Na2O
 
MgO
 
Al2O3
 
SiO2
 
P2O5
 
SO3
 
Cl
 
K2O
 
CaO
 
TiO2
 
Cr2O3
 
MnO
 
Fe2O3
 
CoO
 
NiO
 
CuO
 
ZnO
 
BaO
 
As2O3
 
Sb2O5
 
SnO
 
PbO
 
Total
High­Alumina Glass
aB1 dtr br 18.08 2.04 8.97 52.37 0.52 1.03 0.59 6.21 4.77 1.24 0.00 0.20 14.93 0.01 0.09 0.01 0.01 0.05 0.00 0.16 0.03 0.00 101.33
aB17 dtr br/pu 18.31 1.85 8.00 52.59 0.66 1.01 0.65 7.39 4.28 1.10 0.00 0.06 2.93 0.00 0.04 0.00 0.00 0.00 0.00 0.13 0.04 0.01 99.07
aB21 dtr emgr 18.83 1.94 8.80 48.50 0.52 1.42 0.40 9.32 4.63 1.16 0.00 0.16 4.05 0.06 0.00 0.10 0.13 0.00 0.00 0.14 0.05 0.12 100.33
aB22 dtr emgr 14.71 2.42 9.32 51.29 0.51 0.99 0.34 8.32 5.57 1.29 0.03 0.20 4.01 0.00 0.00 0.00 0.00 0.15 0.00 0.22 0.00 0.02 99.38
aB26 tr bl 18.20 1.84 8.18 52.67 0.80 1.10 0.61 7.79 4.44 0.98 0.07 0.08 2.97 0.06 0.01 0.00 0.00 0.00 0.00 0.16 0.00 0.00 99.95
aB30 tr br 21.38 1.79 6.83 55.25 0.62 0.96 0.79 4.59 5.47 0.80 0.00 0.12 2.58 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 101.19
aB32 tr br 16.88 1.52 5.95 60.73 0.50 0.74 0.72 5.61 5.05 0.76 0.03 0.16 1.40 0.06 0.00 0.00 0.00 0.03 0.00 0.04 0.03 0.08 100.27
aB34 tr br 18.39 2.62 10.25 47.40 0.52 1.29 0.26 9.17 5.06 1.15 0.00 0.11 3.95 0.00 0.09 0.00 0.00 0.06 0.00 0.20 0.00 0.12 100.64
aB36 tr br 17.98 1.98 8.11 54.83 0.46 0.95 0.64 6.32 5.24 0.98 0.00 0.10 2.60 0.05 0.03 0.00 0.00 0.03 0.00 0.15 0.00 0.01 100.46
mean 18.08 2.00 8.27 52.85 0.57 1.06 0.55 7.19 4.95 1.05 0.13 4.38 0.13
s.d. 1.746 0.333 1.292 3.923 0.106 0.198 0.182 1.624 0.447 0.187 0.051 4.05 0.070
Mineral Glass
aB2 tr cobl 12.90 0.66 0.91 71.84 0.19 0.10 0.79 2.37 5.54 0.09 0.00 0.00 0.51 0.06 0.00 0.00 0.02 0.06 0.00 0.05 0.00 0.00 96.09
aB3 ogr 13.48 0.37 0.65 66.71 0.08 0.29 0.60 4.05 2.80 0.08 0.00 0.75 0.34 0.00 0.00 4.19 0.05 0.04 0.00 0.03 1.63 3.62 99.75
aB4 ogr 11.64 0.39 0.75 67.68 0.16 0.14 0.79 3.19 3.08 0.11 0.03 0.07 0.59 0.09 0.00 0.75 0.03 0.00 0.00 0.15 0.57 7.14 97.33
aB13 tr gr 15.48 0.74 1.07 71.81 0.19 0.12 0.80 3.68 4.49 0.14 0.00 0.04 0.48 0.02 0.04 0.02 0.12 0.00 0.00 0.12 0.00 0.00 99.33
aB15 tr tu 14.10 0.13 0.23 71.58 0.18 0.22 0.29 2.35 7.61 0.04 0.00 0.10 0.16 0.00 0.00 1.29 0.00 0.03 0.17 0.00 0.00 0.32 98.78
mean 13.52 0.46 0.72 69.92 0.16 0.17 0.65 3.13 4.70 0.09 0.42 0.07
s.d. 1.423 0.246 0.319 2.517 0.045 0.080 0.219 0.767 1.965 0.035 0.171 0.064
Plant­Ash Glass
aB6 tr pu 12.39 2.84 1.61 68.36 0.47 0.28 0.59 2.15 8.51 0.15 0.00 3.62 0.75 0.02 0.07 0.00 0.07 0.08 0.00 0.04 0.00 0.00 99.90
aB7 tr bl  11.30 3.24 1.36 69.07 0.43 0.24 0.66 2.31 8.92 0.20 0.00 1.09 0.96 0.02 0.00 0.09 0.17 0.03 0.00 0.10 0.00 0.03 100.20
aB8 tr gr 11.87 3.73 1.36 66.32 0.54 0.28 0.53 2.84 10.47 0.25 0.02 0.70 0.73 0.00 0.03 0.00 0.04 0.04 0.00 0.00 0.00 0.03 99.78
aB9 or 11.08 3.30 1.22 61.93 0.53 0.16 0.51 2.78 9.40 0.13 0.04 2.18 3.11 0.05 0.00 3.16 0.00 0.03 0.00 0.10 0.07 0.45 100.22
aB10 tr pu 9.79 3.39 1.37 65.88 0.43 0.28 0.52 2.52 9.60 0.18 0.00 3.99 0.94 0.00 0.09 0.02 0.08 0.01 0.00 0.04 0.00 0.00 99.11
aB11 tr gr 11.20 4.07 0.94 66.86 0.46 0.21 0.64 3.32 10.40 0.12 0.00 0.12 0.46 0.00 0.03 0.00 0.00 0.00 0.00 0.14 0.01 0.16 99.13
aB12 tr pu 11.24 2.71 1.19 70.29 0.36 0.13 0.73 1.52 7.17 0.18 0.01 2.48 0.80 0.06 0.03 0.00 0.13 0.01 0.00 0.02 0.02 0.00 99.07
aB16 tr bl 10.62 3.95 1.12 64.63 0.55 0.12 0.59 2.80 9.64 0.17 0.00 1.07 0.93 0.10 0.12 0.26 0.09 0.00 0.00 0.18 0.18 1.18 98.28
aB18 tr pu 10.54 2.73 1.69 67.89 0.38 0.44 0.33 2.28 9.14 0.15 0.00 2.68 0.86 0.04 0.03 0.12 0.00 0.11 0.00 0.00 0.01 0.05 99.46
aB19 tr pu 11.51 3.81 0.81 66.28 0.42 0.20 0.54 3.46 8.65 0.18 0.02 2.03 0.49 0.00 0.00 0.00 0.03 0.00 0.00 0.12 0.11 0.00 98.65
aB23 col/v pgr 11.35 3.93 0.91 66.38 0.50 0.14 0.62 3.35 10.23 0.18 0.00 0.01 0.42 0.00 0.00 0.06 0.01 0.00 0.00 0.10 0.02 0.06 98.26
aB24 tr pgr 12.68 2.99 1.09 68.49 0.46 0.22 0.63 2.39 9.24 0.13 0.00 0.00 0.68 0.00 0.00 0.00 0.00 0.00 0.00 0.09 0.00 0.00 99.08
aB25 tr pbl 11.20 3.20 1.25 68.44 0.48 0.20 0.55 2.49 8.48 0.15 0.00 1.45 0.99 0.08 0.07 0.10 0.10 0.11 0.00 0.00 0.00 0.03 99.34
aB27 dtr gr 8.79 3.55 1.30 68.16 0.43 0.15 0.70 5.98 9.52 0.14 0.00 0.29 0.61 0.00 0.00 0.25 0.00 0.01 0.00 0.04 0.05 0.03 100.00
aB28 col 15.33 2.97 0.78 67.99 0.31 0.18 0.75 2.22 9.11 0.15 0.00 0.04 0.41 0.00 0.04 0.03 0.00 0.02 0.00 0.16 0.00 0.03 100.53
aB29 ow 8.60 2.43 1.07 57.48 0.28 0.17 0.47 2.56 7.79 0.14 0.00 0.33 0.50 0.04 0.03 0.00 0.01 0.00 0.00 0.15 3.80 12.23 98.08
aB33 tr pu 11.26 2.78 1.64 67.87 0.55 0.28 0.50 2.45 8.63 0.16 0.00 3.12 0.79 0.08 0.05 0.14 0.00 0.08 0.00 0.01 0.00 0.03 100.41
aB37 emgr 10.89 3.21 1.20 68.24 0.47 0.27 0.64 2.63 8.62 0.12 0.00 1.04 0.56 0.00 0.02 1.54 0.13 0.03 0.00 0.06 0.00 0.00 99.65
aB38 emgr 11.03 3.19 1.18 68.36 0.51 0.21 0.59 2.59 8.79 0.20 0.01 1.08 0.63 0.01 0.01 1.49 0.03 0.11 0.00 0.14 0.00 0.00 100.15
mean 11.19 3.26 1.21 66.9 0.45 0.22 0.58 2.77 9.07 0.16 1.44 0.82 0.03 0.08
s.d. 1.43 0.474 0.26 2.91 0.075 0.077 0.100 0.902 0.836 0.03 1.271 0.586 0.040 0.060
Plant­Ash 1 Glass
aB14 dtr br 20.71 4.76 2.30 62.19 0.41 0.64 0.84 2.08 3.68 0.26 0.04 0.04 1.24 0.00 0.04 0.00 0.01 0.00 0.00 0.06 0.00 0.02 99.31
aB31 dtr gr 19.52 4.69 2.23 59.19 0.29 0.47 0.49 2.47 9.88 0.08 0.00 0.05 1.06 0.02 0.06 0.02 0.02 0.05 0.00 0.07 0.01 0.00 100.66
Natron Glass
aB35 dbr   14.25 0.72 2.25 61.03 0.20 0.16 0.55 0.65 7.65 0.10 0.00 0.91 11.51 0.00 0.01 0.00 0.11 0.07 0.00 0.08 0.01 0.00 100.23
corning B standard
(recommended)
17.26 1.19 4.22 61.55 0.84 0.54 0.2 1.1 6.71 0.1 0.01 0.28 0.35 0.04 0.09 2.7 0.2 0.14 0.00 0.46 0.04 0.40 100.41
corning B standard
(average of 3)
17.06 1.02 3.99 60.75 0.84 0.47 0.13 1.09 8.56 0.09 0.00 0.28 0.33 0.05 0.12 2.93 0.26 0.05 0.00 0.54 0.02 0.51 99.10
TaBle 2
chemical analyses, by electron Probe Microanalysis, of Glass Bangles from Tell abu sarbut and Khirbat Faris
Key:  0.00 = not detected, s.d. = standard deviation, tr = translucent, dtr = dark translucent, pu = purple, bl = blue, pbl = pale blue, 
cobl = cobalt blue, tu = turquoise, gr = green, pgr = pale green, v pgr = very pale green, emgr = emerald green, ogr = opaque green, 
or = opaque red, br = brown, dbr = dark brown, col = colorless, ow = opaque white
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Sample 
Number
 
Color
 
Na2O
 
MgO
 
Al2O3
 
SiO2
 
P2O5
 
SO3
 
Cl
 
K2O
 
CaO
 
TiO2
 
Cr2O3
 
MnO
 
Fe2O3
 
CoO
 
NiO
 
CuO
 
ZnO
 
BaO
 
As2O3
 
Sb2O5
 
SnO
 
PbO
 
Total
High­Alumina Glass
aB1 dtr br 18.08 2.04 8.97 52.37 0.52 1.03 0.59 6.21 4.77 1.24 0.00 0.20 14.93 0.01 0.09 0.01 0.01 0.05 0.00 0.16 0.03 0.00 101.33
aB17 dtr br/pu 18.31 1.85 8.00 52.59 0.66 1.01 0.65 7.39 4.28 1.10 0.00 0.06 2.93 0.00 0.04 0.00 0.00 0.00 0.00 0.13 0.04 0.01 99.07
aB21 dtr emgr 18.83 1.94 8.80 48.50 0.52 1.42 0.40 9.32 4.63 1.16 0.00 0.16 4.05 0.06 0.00 0.10 0.13 0.00 0.00 0.14 0.05 0.12 100.33
aB22 dtr emgr 14.71 2.42 9.32 51.29 0.51 0.99 0.34 8.32 5.57 1.29 0.03 0.20 4.01 0.00 0.00 0.00 0.00 0.15 0.00 0.22 0.00 0.02 99.38
aB26 tr bl 18.20 1.84 8.18 52.67 0.80 1.10 0.61 7.79 4.44 0.98 0.07 0.08 2.97 0.06 0.01 0.00 0.00 0.00 0.00 0.16 0.00 0.00 99.95
aB30 tr br 21.38 1.79 6.83 55.25 0.62 0.96 0.79 4.59 5.47 0.80 0.00 0.12 2.58 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 101.19
aB32 tr br 16.88 1.52 5.95 60.73 0.50 0.74 0.72 5.61 5.05 0.76 0.03 0.16 1.40 0.06 0.00 0.00 0.00 0.03 0.00 0.04 0.03 0.08 100.27
aB34 tr br 18.39 2.62 10.25 47.40 0.52 1.29 0.26 9.17 5.06 1.15 0.00 0.11 3.95 0.00 0.09 0.00 0.00 0.06 0.00 0.20 0.00 0.12 100.64
aB36 tr br 17.98 1.98 8.11 54.83 0.46 0.95 0.64 6.32 5.24 0.98 0.00 0.10 2.60 0.05 0.03 0.00 0.00 0.03 0.00 0.15 0.00 0.01 100.46
mean 18.08 2.00 8.27 52.85 0.57 1.06 0.55 7.19 4.95 1.05 0.13 4.38 0.13
s.d. 1.746 0.333 1.292 3.923 0.106 0.198 0.182 1.624 0.447 0.187 0.051 4.05 0.070
Mineral Glass
aB2 tr cobl 12.90 0.66 0.91 71.84 0.19 0.10 0.79 2.37 5.54 0.09 0.00 0.00 0.51 0.06 0.00 0.00 0.02 0.06 0.00 0.05 0.00 0.00 96.09
aB3 ogr 13.48 0.37 0.65 66.71 0.08 0.29 0.60 4.05 2.80 0.08 0.00 0.75 0.34 0.00 0.00 4.19 0.05 0.04 0.00 0.03 1.63 3.62 99.75
aB4 ogr 11.64 0.39 0.75 67.68 0.16 0.14 0.79 3.19 3.08 0.11 0.03 0.07 0.59 0.09 0.00 0.75 0.03 0.00 0.00 0.15 0.57 7.14 97.33
aB13 tr gr 15.48 0.74 1.07 71.81 0.19 0.12 0.80 3.68 4.49 0.14 0.00 0.04 0.48 0.02 0.04 0.02 0.12 0.00 0.00 0.12 0.00 0.00 99.33
aB15 tr tu 14.10 0.13 0.23 71.58 0.18 0.22 0.29 2.35 7.61 0.04 0.00 0.10 0.16 0.00 0.00 1.29 0.00 0.03 0.17 0.00 0.00 0.32 98.78
mean 13.52 0.46 0.72 69.92 0.16 0.17 0.65 3.13 4.70 0.09 0.42 0.07
s.d. 1.423 0.246 0.319 2.517 0.045 0.080 0.219 0.767 1.965 0.035 0.171 0.064
Plant­Ash Glass
aB6 tr pu 12.39 2.84 1.61 68.36 0.47 0.28 0.59 2.15 8.51 0.15 0.00 3.62 0.75 0.02 0.07 0.00 0.07 0.08 0.00 0.04 0.00 0.00 99.90
aB7 tr bl  11.30 3.24 1.36 69.07 0.43 0.24 0.66 2.31 8.92 0.20 0.00 1.09 0.96 0.02 0.00 0.09 0.17 0.03 0.00 0.10 0.00 0.03 100.20
aB8 tr gr 11.87 3.73 1.36 66.32 0.54 0.28 0.53 2.84 10.47 0.25 0.02 0.70 0.73 0.00 0.03 0.00 0.04 0.04 0.00 0.00 0.00 0.03 99.78
aB9 or 11.08 3.30 1.22 61.93 0.53 0.16 0.51 2.78 9.40 0.13 0.04 2.18 3.11 0.05 0.00 3.16 0.00 0.03 0.00 0.10 0.07 0.45 100.22
aB10 tr pu 9.79 3.39 1.37 65.88 0.43 0.28 0.52 2.52 9.60 0.18 0.00 3.99 0.94 0.00 0.09 0.02 0.08 0.01 0.00 0.04 0.00 0.00 99.11
aB11 tr gr 11.20 4.07 0.94 66.86 0.46 0.21 0.64 3.32 10.40 0.12 0.00 0.12 0.46 0.00 0.03 0.00 0.00 0.00 0.00 0.14 0.01 0.16 99.13
aB12 tr pu 11.24 2.71 1.19 70.29 0.36 0.13 0.73 1.52 7.17 0.18 0.01 2.48 0.80 0.06 0.03 0.00 0.13 0.01 0.00 0.02 0.02 0.00 99.07
aB16 tr bl 10.62 3.95 1.12 64.63 0.55 0.12 0.59 2.80 9.64 0.17 0.00 1.07 0.93 0.10 0.12 0.26 0.09 0.00 0.00 0.18 0.18 1.18 98.28
aB18 tr pu 10.54 2.73 1.69 67.89 0.38 0.44 0.33 2.28 9.14 0.15 0.00 2.68 0.86 0.04 0.03 0.12 0.00 0.11 0.00 0.00 0.01 0.05 99.46
aB19 tr pu 11.51 3.81 0.81 66.28 0.42 0.20 0.54 3.46 8.65 0.18 0.02 2.03 0.49 0.00 0.00 0.00 0.03 0.00 0.00 0.12 0.11 0.00 98.65
aB23 col/v pgr 11.35 3.93 0.91 66.38 0.50 0.14 0.62 3.35 10.23 0.18 0.00 0.01 0.42 0.00 0.00 0.06 0.01 0.00 0.00 0.10 0.02 0.06 98.26
aB24 tr pgr 12.68 2.99 1.09 68.49 0.46 0.22 0.63 2.39 9.24 0.13 0.00 0.00 0.68 0.00 0.00 0.00 0.00 0.00 0.00 0.09 0.00 0.00 99.08
aB25 tr pbl 11.20 3.20 1.25 68.44 0.48 0.20 0.55 2.49 8.48 0.15 0.00 1.45 0.99 0.08 0.07 0.10 0.10 0.11 0.00 0.00 0.00 0.03 99.34
aB27 dtr gr 8.79 3.55 1.30 68.16 0.43 0.15 0.70 5.98 9.52 0.14 0.00 0.29 0.61 0.00 0.00 0.25 0.00 0.01 0.00 0.04 0.05 0.03 100.00
aB28 col 15.33 2.97 0.78 67.99 0.31 0.18 0.75 2.22 9.11 0.15 0.00 0.04 0.41 0.00 0.04 0.03 0.00 0.02 0.00 0.16 0.00 0.03 100.53
aB29 ow 8.60 2.43 1.07 57.48 0.28 0.17 0.47 2.56 7.79 0.14 0.00 0.33 0.50 0.04 0.03 0.00 0.01 0.00 0.00 0.15 3.80 12.23 98.08
aB33 tr pu 11.26 2.78 1.64 67.87 0.55 0.28 0.50 2.45 8.63 0.16 0.00 3.12 0.79 0.08 0.05 0.14 0.00 0.08 0.00 0.01 0.00 0.03 100.41
aB37 emgr 10.89 3.21 1.20 68.24 0.47 0.27 0.64 2.63 8.62 0.12 0.00 1.04 0.56 0.00 0.02 1.54 0.13 0.03 0.00 0.06 0.00 0.00 99.65
aB38 emgr 11.03 3.19 1.18 68.36 0.51 0.21 0.59 2.59 8.79 0.20 0.01 1.08 0.63 0.01 0.01 1.49 0.03 0.11 0.00 0.14 0.00 0.00 100.15
mean 11.19 3.26 1.21 66.9 0.45 0.22 0.58 2.77 9.07 0.16 1.44 0.82 0.03 0.08
s.d. 1.43 0.474 0.26 2.91 0.075 0.077 0.100 0.902 0.836 0.03 1.271 0.586 0.040 0.060
Plant­Ash 1 Glass
aB14 dtr br 20.71 4.76 2.30 62.19 0.41 0.64 0.84 2.08 3.68 0.26 0.04 0.04 1.24 0.00 0.04 0.00 0.01 0.00 0.00 0.06 0.00 0.02 99.31
aB31 dtr gr 19.52 4.69 2.23 59.19 0.29 0.47 0.49 2.47 9.88 0.08 0.00 0.05 1.06 0.02 0.06 0.02 0.02 0.05 0.00 0.07 0.01 0.00 100.66
Natron Glass
aB35 dbr   14.25 0.72 2.25 61.03 0.20 0.16 0.55 0.65 7.65 0.10 0.00 0.91 11.51 0.00 0.01 0.00 0.11 0.07 0.00 0.08 0.01 0.00 100.23
corning B standard
(recommended)
17.26 1.19 4.22 61.55 0.84 0.54 0.2 1.1 6.71 0.1 0.01 0.28 0.35 0.04 0.09 2.7 0.2 0.14 0.00 0.46 0.04 0.40 100.41
corning B standard
(average of 3)
17.06 1.02 3.99 60.75 0.84 0.47 0.13 1.09 8.56 0.09 0.00 0.28 0.33 0.05 0.12 2.93 0.26 0.05 0.00 0.54 0.02 0.51 99.10
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FiG. 4. Relative levels of soda (Na2O) and potassium oxide (K2O) 
in bangles from Tell Abu Sarbut and Khirbat Faris. 
FiG. 5. Relative levels of magnesia (MgO) and potassium oxide (K2O) 
in bangles from Tell Abu Sarbut and Khirbat Faris.
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FiG. 6. Relative levels of phosphorus pentoxide (P2O5 ) and calcium 
oxide (CaO) in bangles from Tell Abu Sarbut and Khirbat Faris.
FiG. 7. Relative levels of phosphorus pentoxide (P2O5 ) and sulfur trioxide 
(SO3 ) in bangles from Tell Abu Sarbut and Khirbat Faris.
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(Fig. 8), considerably higher than the maximum 
levels of 1.69% and 1.07% found in the other 
two principal types. They also contain higher 
levels of potassium oxide than the other sam­
ples analyzed (4.59%–9.32%; Fig. 4), and con­
sistently high phosphorus pentoxide levels, with 
a max imum of 0.8% (Fig. 6). These high­alumi­
na glasses contain relatively low calcium oxide 
lev els (Fig. 6). all of them contain high titania 
(0.76%–1.29%) and iron oxide (1.4%–12.93%) 
levels.
The mineral glasses are characterized by ele­
vated potassium but low magnesium oxide lev­
els (Fig. 5) and by lower phosphorus pentoxide 
levels than are found in the other two types, with 
a maximum value of 0.19% (Figs. 6 and 7). 
a single example of a bangle made from na­
tron glass (aB35) was found at Khirbat Faris. it 
has low levels of magnesia and potassium oxide. 
it also contains levels of calcium oxide (7.65%) 
and alumina (2.25%) indicating that beach sand 
containing shell fragments was used to make it.
 
Composition and Color
The high­alumina glasses are translucent dark 
brown, translucent blue, or emerald green (Fig. 
3), and most of the dark brown bangles have 
this composition. The only three exceptions 
are dark brown (aB14) and dark green (aB31) 
plant­ash 1 glass samples and a dark green plant­
ash glass with an unusually high level of potas­
sium oxide (aB27). The mineral glasses (Fig. 
2) are blue, green, or tur quoise. Two examples 
(aB3 and aB4) are opaque green, and they were 
opacified by lead­tin oxide. The plant­ash glasses 
are colorless or pale purple, blue, green, or 
emerald green (see Table 1), with one exception 
(aB27; see above). The only opaque sample with 
a plant­ash composition is red (aB9). 
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FiG. 8. Relative levels of alumina (Al2O3 ) and potassium oxide (K2O) 
in bangles from Tell Abu Sarbut and Khirbat Faris.
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range is compared with the 284 glass composi­
tions determined for the ninth­ to 12th­century 
factory site at al­raqqa, syria, including some 
for glass bangles,64 only one (ninth­century) high­
alumina glass and no examples of mineral glass 
were detected in the raqqa data. This indicates 
that (1) a correspondingly wider range of pri­
mary raw materials was used to make the ban­
gles, and (2) in all probability, they had a wider 
range of geographical origins. apart from three 
examples—two of plant­ash 1 glass composi­
tions and another with a high potassium oxide 
level (aB27)—the bangles made with plant­ash 
glass are of a relatively consistent composition, 
with, for example, a relatively constrained range 
of magnesium and aluminum oxide levels, com­
pared with al­raqqa data (Fig. 9 and mean and 
standard values in Table 2). a comparison with 
the raqqa data indicates that, according to the 
relative levels of magnesia and alumina, most of 
the plant­ash bangles are consistent with glass 
types 1, 2, and 4 found at raqqa (Fig. 9). (The 
only exception is aB27, which contains 5.98% 
potassium oxide but not an unusually high mag­
nesia level (3.55%).) The calcium oxide levels 
are similar to those detected in raqqa type 1; the 
soda levels fall at the low end of the composi­
tional range for raqqa type 1.65
in the ninth century, there was a high compo­
sitional variation in the glass made at al­raqqa 
because of experimentation that occurred dur­
ing the shift from a glass technology dominated 
The colorants involved are the normal range 
of transition metals and opacifiers found in is­
lamic glasses.60 The variety of parameters that 
can affect the final color of the glass produced is 
quite extensive, and this is discussed elsewhere.61 
Manganese oxide produces purple glass; iron 
and manganese oxides usually produce brown 
or green colors, but also pale blue, depending 
on the furnace atmosphere when the glass was 
melt ed; and cobalt normally results in a blue col­
or. The last of these can be affected by the con­
centrations and relative absorption strength of 
oth er color ant ions. For example, co2+ is domi­
nated by high concentrations of Fe2+ in aB21, 
aB26, aB32, and aB36, producing dark brown 
colors in high­alumina glasses. Moreover, the 
chemical environ ment in which the colorant op­
erates with in the silicate network can affect the 
color. in these high­alumina glasses, the relative­
ly high levels of potassium would help to pro­
duce dark er glass tints than for the equivalent 
amount of sodium.62 The only opacifying com­
pounds that were used in these glasses were tin 
oxide in opaque green glass and cuprous oxide 
in opaque red glass. Both of these opacifiers were 
employed in the making of islamic vessel glasses 
and enamels.63
DiscUssiON
The range of compositional types is unexpect­
edly wide. if, for example, this compositional 
60. robert h. Brill, “some Thoughts on the chemistry and 
Technology of islamic Glass,” in Glass of the Sultans, New York: 
The Metropolitan Museum of art in association with The cor­
ning Museum of Glass, Benaki Museum, and Yale University 
Press, 2001, pp. 28–29 and 34–35;  J. henderson, s. D. Mclough­
lin, and D. s. McPhail, “radical changes in islamic Glass Tech­
nology: evidence for conservatism and experimentation with 
New Glass recipes from early and Middle islamic raqqa, 
syria,” Archaeometry, v. 46, no. 3, august 2004, pp. 439–468, 
esp. pp. 460–463.
61. Julian henderson, The Science and Archaeology of Ma­
terials: An Investigation of Inorganic Materials, london and 
New York: routledge, 2000, pp. 29–38. 
62. c. r. Bamford, Colour Generation and Control in Glass, 
amsterdam: elsevier scientific Publishing co., 1977, p. 42.
63. Julian henderson and James allan, “enamels on ayyu­
bid and Mamluk Glass Fragments,” Archeomaterials, v. 4, no. 
2, summer 1990, pp. 167–183; ian c. Freestone and colleen P. 
stapleton, “composition and Technology of islamic enamelled 
Glass of the Thirteenth and Fourteenth centuries,” in Gilded 
and Enamelled Glass from the Middle East, ed. rachel Ward, 
london: British Museum, 1998, pp. 117–122; Marco Verità, 
“analytical investigation of european enameled Beakers of the 
13th and 14th centuries,” Journal of Glass Studies, v. 37, 1995, 
pp. 83–98.
64. henderson, Mcloughlin, and McPhail [note 60], table 1, 
analyses 189 and 263–271; a. s. Meek, “Tracing continuity: 
The scientific investigation of Glass compositions from al­
raqqa, syria, by ePMa/WDx and la­icP­Ms,” M.sc. thesis, 
University of Nottingham, 2005.
65. henderson, Mcloughlin, and McPhail [note 60], p. 455, 
table 2, fig. 5. 
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by the use of a mineral source of alkali (natron) 
to one that employed an organic (plant­ash) 
source.66 a lower compositional variation is 
found in plant­ash glasses made in syria and 
lebanon between the 10th and 12th centuries.67 
This relatively re stricted compositional variation 
is evident in most of the bangle plant­ash data, 
as reflected in their standard deviations (see 
Table 2). Further more, it is notable that these 
Jordanian plant­ash glasses have consistently 
high titania and rel a tively high iron oxide levels, 
indicating that a rather impure silica source was 
used to make them. 
early 11th­century raw glass, probably man­
ufactured in the levant, was traded westward,68 
and it was of a mixed plant ash and natron com­
position.69 This indicates either that a source of 
relic natron glass was recycled or, less likely, that 
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FiG. 9. Relative levels of magnesia (MgO) and alumina (Al2O3 ) in bangles 
from Tell Abu Sarbut and Khirbat Faris, compared with compositional ranges 
for al­Raqqa plant­ash types 1 (dotted line), 2 (broken line), and 4 (solid line).
66. ian c. Freestone, Yael Gorin­rosen, and Michael J. 
hughes, “Primary Glass from israel and the Production of Glass 
in late antiquity and the early islamic Period,” in La Route du 
verre: Ateliers primaires et secondaires du second millénaire av. 
J.­C. au Moyen Age, ed. Marie­Dominique Nenna, lyons: Mai­
son de l’Orient Méditerranéen, 2000, pp. 65–84; Julian hen­
derson, “Tradition and experiment in First Millennium a.D. 
Glass Production: The emergence of early islamic Glass Tech­
nology in late antiquity,” Accounts of Chemical Research, v. 
35, no. 8, 2002, pp. 594–602; henderson, Mcloughlin, and 
McPhail [note 60], p. 457.
67. henderson, Mcloughlin, and McPhail [note 60], p. 465; 
ian c. Freestone, “composition and affinities of Glass from 
the Furnaces on the island site, Tyre,” Journal of Glass Studies, 
v. 44, 2002, pp. 67–77.
68. George F. Bass, “The Nature of the serçe limanı Glass,” 
Journal of Glass Studies, v. 26, 1984, pp. 64–69; Frederick h. 
van Doorninck, ‘The serçe limanı shipwreck: an 11th­centu­
ry cargo of Fatimid Glassware cullet for Byzantine Glassmak­
ers,” in 1. Uluslararasi Anadolu cam Sanati Sempozyumu=1st 
International Anatolian Glass Symposium, istanbul: Tür kiye 
s¸ is¸ e ve cam Fabrikalari a.s ¸. 1990, pp. 58–63.
69. henderson [note 66].
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natron glass, fused from primary raw materials 
at the time, was employed.70 Five bangles, all 
from Tell abu sarbut, have plant­ash compo si­
tions with elevated alumina and /or lower mag­
nesia levels (Fig. 9), have the raqqa type 2 com­
po sition, and are compositionally similar to (raw) 
glass found on the serçe limanı shipwreck.71 
The main “experimental” type of plant­ash glass 
found at raqqa, type 4, was still used to make 
most of the translucent dark glass bangles found 
in 11th­century contexts at Tell Fukh khar, raq­
qa.72 This compositional type has its closest 
match in the two plant­ash 1 glass compo si­
tions, both from Tell abu sarbut. One raqqa 
bangle, of a translucent dark brown color and 
securely dated to the 11th century, even contains 
the high soda level73 that is characteristic of the 
two Tell abu sarbut samples (Fig. 4).
The production of plant­ash glass on an enor­
mous scale in tank furnaces at Tyre dates to 
sometime between the 10th and 12th centuries.74 
The chemical composition of this glass is similar 
to raqqa type 2 plant­ash glass in terms of rel­
ative magnesia, potassium oxide, and alumi na, 
for example, but some is distinguishable from 
raqqa type 2 by its higher calcium oxide levels 
(11.1%–14.3%).75 The chemical compositions 
of the Tyre glasses are similar, but not identical, 
to those of the serçe limanı glasses.76 another 
compositional group of islamic plant­ash glass 
with a characteristic chemical composition is a 
10th­century colorless group from Nishapur, 
iran,77 with high soda and low calcium oxide 
levels. None of the bangles, including the color­
less ones, have this composition.
Until now, high­alumina glass has been iden­
tified as originating mainly in india, sri lanka, 
southeastern asia, and africa.78 its presence in 
Jor dan at both Tell abu sarbut and Khirbat 
Far is is therefore surprising and constitutes its 
westernmost known occurrence. however, the 
high potassium oxide and phosphorus pentox­
ide levels, combined with elevated magnesium 
oxide and sulfur trioxide levels, strongly suggest 
that these glasses were made not only from a 
mineral source of soda but also from an organic 
source. lankton and Dussubieux79 have noted 
the occurrence of a mineral high­soda and high­
alumina glass in southeastern asia, which, be­
cause only a mineral alkali source was used, has 
several compositional differences from the data 
set considered here. These researchers have also 
not ed the presence of a plant­ash, high­alumina 
and high–calcium oxide glass in southeastern 
asia. however, most of the potassium, alumi­
num, and iron oxide levels are below those pres­
ent in these Jordanian high­alumina bangles, 
and the magnesium oxide levels reported by 
lankton and Dussubieux are higher than those 
found in the bangles. The high­alumina mixed­
alkali glass es that they discuss contain signifi­
cantly low er soda levels, comparable iron ox ide 
levels, and much higher silica levels. Therefore, 
none of the compositions reported by lankton 
70. irina andreescu­Treadgold and Julian henderson with 
Martin roe, “Glass from the Mosaics on the West Wall of Tor­
cello’s Basilica,” Arte Medievale, v. 5, no. 2, 2006, pp. 87–140, 
esp. p. 135.
71. robert h. Brill, Chemical Analyses of Early Glasses, v. 
1, Catalogue of Samples, and v. 2, Tables of Analyses, corning: 
The corning Museum of Glass, 1999, v. 1, p. 90, nos. 3553 
and 3554, and p. 92, nos. 3733–3744, and v. 2, pp. 180–181 
and 185–186; henderson [note 66].
72. henderson, Mcloughlin, and McPhail [note 60], p. 450, 
table 1, analyses 263–271.
73. Ibid., p. 450, table 1, analysis 265.
74. aldsworth and others [note 37].
75. Freestone [note 67], table 1.
76. Ibid., p. 76.
77. robert h. Brill, “appendix 3: chemical analyses of 
some Glass Fragments from Nishapur in The corning Museum 
of Glass,” in Nishapur: Glass of the Early Islamic Period, New 
York: The Metropolitan Museum of art, 1995, pp. 211–233; 
Brill [note 60]; henderson [note 66], fig. 8.
78. robert h. Brill, “chemical analyses of some early in­
dian Glasses,” in Archaeometry of Glass, Proceedings of the Ar­
chaeometry Session of the XIV International Congress on Glass, 
calcutta: indian ceramic society, 1987, pp. 1–25; James W. 
lankton and laure Dussubieux, “early Glass in asian Mari­
time Trade: a review and an interpretation of compositional 
analyses,” Journal of Glass Studies, v. 48, 2006, pp. 121–144; 
l. Dussubieux and others, “The Trading of ancient Glass Beads: 
New analytical Data from south asian and east african soda­
alumina Glass Beads,” Archaeometry, v. 50, no. 5, October 
2008, pp. 797–821.
79. lankton and Dussubieux [note 78].
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and Dus subieux match those of the glass bangles. 
Moreover, none of the high­alumina glasses 
from africa and southeastern asia published by 
Dussubieux and others80 contain such high po­
tassium oxide levels as are found here.
as noted above, the total alkali levels detect­
ed in the high­alumina bangle glasses (21%–
28%) are quite exceptional. islamic plant­ash 
raq qa type 1 glasses dating from the ninth to 
15th cen turies, and perhaps later, normally con­
tain total alkali (soda + potassium oxide) of 
about 11% to 16%.81 With one exception, the 
Jordanian bangles have a deep translucent color 
because of high iron levels (correlated with both 
alumina and titania). None of the other trans­
lucent glasses ana lyzed contain high levels of all 
three oxides. This suggests that a granitic sand 
of variable composition was used to make them. 
Moreover, by using such an impure silica source, 
a deep, almost opaque translucent color was 
guar anteed. if this very dark glass was mixed 
with glass cullet or raw glass of a different col­
or, the dark hue would be dominant. Four of 
the high­alumina glasses contain sufficient co­
balt ox ide levels (0.05% or 0.06%) to color a 
plant­ash glass blue, but here the cobalt color­
ant is dominated by the high iron levels. This is 
evidence that the unusual glass composition 
probably resulted from the mixing of two com­
po sitional types (see below), one sometimes con­
 taining cobalt oxide.
although the high iron and aluminum oxide 
levels in these dark­colored glasses could pro­
duce a glass with a short working period, the 
very high levels of total alkali and the low levels 
of calcium and silicon oxides would counter ­
act this to some extent. These glasses would be 
much easier to work, for longer periods and at 
lower temperatures than, for example, the min­
eral high­alumina glasses discussed by lankton 
and Dussubieux.82 Moreover, the occurrence of 
such unusually high total alkali levels also sug­
gests that two sources of alkali were involved, 
probably produced by mixing raw glass of two 
different chemical compositions. One of these 
was probably made from a high­alumina raw 
material, such as reh,83 perhaps combined with 
granitic sands containing high alumina lev els, 
and the other was likely to have been a plant ash 
associated with high magnesia. it has been sug­
gested that the use of ancient sources of reh in­
troduced low levels of magnesia (about 1%) 
and higher levels of potassium oxide (3%–6%) 
in the glasses.84 Nevertheless, Brill’s analysis of 
extracted reh then formed into a glass gave only 
a level of 2.28% potassium oxide,85 so an addi­
tional potassium source would have been nec­
essary to form our high­alumina bangle glasses 
with such high potassium oxide levels. such a 
mixture of glass, one made from reh and the 
oth er from plant ash, could account for the high 
levels of soda, potassium oxide, alumina, and 
magnesia. an alternative or additional way of 
producing high alumina levels from alumina de­
rived from sands would be from aluminosilicate 
impurities in the alkali source used.86 in Figures 
4, 5, and 8, it can be seen that, in these high­
alumina glasses, alumina, magnesia, phosphorus 
pentoxide, sulfur trioxide, soda, and potassium 
oxide fall on mix ing lines for alkalis and im­
purities associated with them. Therefore alumi­
num, magnesium, phosphorus, and sulfur, all of 
which can be associated with alkalis and fall on 
mixing lines, were probably mixed, occurring 
at various levels in the two glass types that were 
mixed.
The high­potassium plant­ash glass (aB27) is 
a single example of an unusual plant­ash glass 
(see Figure 8), with a possible afghan origin (see 
below). if mixed with the high­alumina glass, it 
could produce potassium oxide levels of about 
9% in those glasses. Brill has published results 
for islamic glasses found in afghanistan, and on 
the basis of these, he has suggested that islamic 
80. Dussubieux and others [note 78], table 3.
81. henderson [note 66], table 3.
82. lankton and Dussubieux [note 78], p. 127, table 2.
83. Brill [note 71], v. 2, p. 481.
84. P. robertshaw and others, “chemical analysis of Glass 
Beads from Madagascar,” Journal of African Archaeology, v. 4, 
no. 1, 2006, p. 98, fig. 2; Dussubieux and others [note 78].
85. Brill [note 71], v. 1, p. 212, and v. 2, p. 481. 
86. robertshaw and others [note 84], pp. 102 and 104.
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glasses containing more than 4% potassium ox­
ide were probably made there.87 For example, 
five of the 12 compositional analyses of vessel 
fragments from shahr­i­Banu, north of Tashkur­
ghan, dated between the seventh and 13th centu­
ries, contain more than 5% potassium oxide.88 
This is an unusual compositional characteristic 
and could have provided some of the high po­
tassium levels found in the high­alumina Jorda­
nian bangles. Only three samples of plant­ash 
glasses out of 234 ninth–11th­century glass sam­
ples from al­raqqa, syria, were found to con­
tain more than 4% potassium oxide.89 This un­
derlines the rarity of such glasses in the Middle 
east.
The chemical composition of the “mineral 
glass” is quite difficult to interpret. it could be 
suggested that these glasses were made from a 
natron alkali source with elevated potassium 
lev els based on a potassium­rich feldspar in the 
silica used. however, their low alumina levels 
(0.23%–1.07%) are significantly lower than that 
of about 2%–3% found in most natron glass, 
normally attributed to the presence of feldspars 
in the sands employed;90 the low levels of mag­
nesi um, phosphorus, and sulfur oxides confirm 
the use of a relatively pure alkali source and 
therefore a mineral one. however, it appears 
that a silica source other than that normally used 
to make natron glass was employed to make the 
compositional type. although only five analyses 
are involved, part of the evidence for suggesting 
this is that the source of the potassium in the 
glass is not correlated with magnesium, as it 
clear ly is in both plant­ash and high­alumina 
glasses (Fig. 5), a correlation that is well known 
in ancient natron glasses.91 instead, the magne­
sium is positively correlated with alumina (Fig. 
9). This also suggests that the glass was made 
from a silica source unlike that normally em­
ployed to make natron glass. Moreover, the min­
eral alkali used was purer than natron. it is of 
par ticular significance that none of the contexts 
in which bangles of this composition were found 
were securely “ancient.” The best compositional 
parallels are 19th­century italian tesserae glass­
es with the same low impurity levels, some of 
which have the same characteristic ratios of po­
tassium oxide:magnesia and potassium oxide: 
alumina.92
Moreover, it may be significant that aB15, a 
translucent turquoise bangle from Khirbat Faris 
(Fig. 2), is the only bangle analyzed that contains 
0.17% arsenous oxide. apart from its associa­
tion with the use of cobalt ores in ancient glass­
es, it is found only in glasses dating to the 17th 
cen tury and later, and it is increasingly found as 
an impurity in 19th­century glasses. The only 
ma jor difference between the bangles made with 
this mineral glass and analyzed 19th­century 
glass tesse rae is the significantly higher silica 
lev els in the bangles. This may simply be the re­
sult of a slightly different, possibly contempora­
neous, batch composition. We do not know how 
early this compositional type was produced, and 
with out any securely dated examples earlier than 
the 19th century, we cannot even be sure wheth­
er it was made in the 18th century.   
 
cONclUsiONs
The glass bangles analyzed here display a wide 
compositional range. This could suggest that the 
bangle makers simply used any raw glass or cul­
let that was available to them. however, there is 
no evidence that the compositional types defined 
here were mixed. The high­alumina glasses are 
the most westerly examples known to the au­
thors. The chemical compositions of examples 
87. r. h. Brill, “Thoughts on the Glass of central asia with 
analyses of some Glasses from afghanistan,” in Proceedings of 
the XV International Congress on Glass, Leningrad, 1989, Ar­
chaeometry, Moscow: rotoprint VNiiZsM, 1989, pp. 19–24; 
Brill [note 60], p. 28, fig. 17, table 2.
88. Brill [note 71], v. 1, p. 145, and v. 2, pp. 342–343.
89. henderson, Mcloughlin, and McPhail [note 60], pp. 
443, 445 and 448, table 1, analyses 18, 104, and 188.
90. r. h. Brill, “scientific investigations of the Jalame Glass 
and related Finds,” in Excavations at Jalame, Site of a Glass 
Factory in Late Roman Palestine, ed. Gladys Davidson Wein­
berg, columbia: University of Missouri Press, 1988, p. 259.
91. sayre and smith [note 59]; henderson [note 61], fig. 
3.28.
92. andreescu­Treadgold and henderson with roe [note 
70], p. 121, table 1.
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from east africa, india, and sri lanka published 
by Dussubieux and others are dated between the 
fourth century B.c. and the fifth century a.D.; 
those from africa are as late as the 19th centu­
ry.93 however, none of these has the same high 
levels of potassium oxide found in the Jordanian 
bangles, making the bangle glasses highly dis­
tinctive. The chemical compositions of the high­
alumina glass bangles from Tell abu sarbut and 
Khirbat Faris nevertheless suggest that part of 
the glass used came from central asia or perhaps 
the Far east. if the bangles were made in the le­
vant, the glass would have reached the area 
along the silk road or by sea.
Most of the high­alumina bangles have a deep 
translucent green or brown color because of 
high iron levels, correlated with both alumina 
and ti tania. This suggests that a granitic sand of 
variable composition was used to make them. 
More over, by using such an impure silica source, 
a deep, almost impenetrable translucent color 
was guaranteed. if this very dark glass was 
mixed with glass cullet or raw glass of a differ­
ent color, the dark color would dominate. Four 
of the brown high­alumina glasses contain eas­
ily enough cobalt ox ide (0.5% or 0.6%) to col­
or a plant­ash glass blue, but here the cobalt 
colorant is dom inated by the coloring effect of 
the high iron levels. This is further evidence that 
this unusual glass composition resulted from the 
mixing of two compositional types, a plant­ash 
glass, perhaps with high potassium oxide, and a 
high­alumina glass, one originally colored with 
cobalt.
Most of the plant­ash glass compositions are 
similar to others reported for the Middle east. 
however, an attempt to determine the prove­
nance of plant­ash glass (and other composi­
tional types) using chemical analysis alone is 
not straightforward,94 even with the discovery 
of pro duction sites where the glass was being 
made.95 The determination of radiogenic isotope 
ratios in these glasses (and potential raw mate­
rials used to make them) could contribute to 
the study by (1) relating the isotopic signatures 
of the glasses to the signatures of raw materials 
used96 and (2) showing that raw glasses made 
from raw materials of different geological ages 
and types had been mixed.97 such work would 
therefore have a strong potential for providing a 
geolog ical provenance for the glasses. This ap­
proach would have its best chances of success 
if conducted in conjunction with the scientific 
analy sis of glass from newly discovered bangle­
making sites. One outcome would be to prove 
unambiguously that (raw) glasses made from 
dif ferent raw materials had been mixed (as sug­
gested here for the high­alumina Jordanian ban­
gles). 
in connection with the study of glass prove­
nance at a local level, we have investigated the 
hypothesis that two different “cultures” existed 
in central Jordan, the first in the Jordan Valley, 
where Tell abu sarbut is located, and the second 
in the Kerak area, where Khirbat Faris is situat­
ed, as reflected in the presence of glass bangles 
and in their chemical compositions. The same 
three basic compositional types have been found 
at Tell abu sarbut and Khirbat Faris, showing 
that the bangles were probably made from the 
same types of raw materials. This is hardly sur­
prising because the primary manufacture of raw 
glass is likely to have occurred in urban con­
texts, as was the case (based on archeological 
93. see note 78.
94. Th. rehren, “a review of Factors affecting the compo­
sition of early egyptian Glasses and Faience: alkali and alkali 
earth Oxides,” Journal of Archaeological Science, v. 35, no. 5, 
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tium and lead isotopes to Provenance ancient Glasses in the 
Middle east,” Journal of Archaeological Science, v. 32, no. 5, 
May 2005, pp. 665–673; J. henderson, J. evans, and Y. Bar­
koudah, “The roots of Provenance: Glass, Plants and isotopes 
in the islamic Middle east,” Antiquity, v. 38, 2009, in press; 
P. Degryse and J. schneider, “Pliny the elder and sr–Nd isotopes: 
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Production,” Journal of Archaeological Science, v. 35, no. 7, 
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97. ian c. Freestone, sophie Wolf, and Matthew Thirlwall, 
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toire du Verre, v. 16, london, 2003 (Nottingham, 2005), pp. 
153–157; P. Degryse and others, “evidence for Glass ‘recy­
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case for early Byzantine sagalassos,” Journal of Archaeological 
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evi dence) in the slightly earlier contexts of raqqa 
and Tyre.
The bangles could have been made in or near 
these primary production centers, or in separate, 
secondary production centers. The second pos­
si bility would have relied on the mobility of ar­
tisans and /or middlemen. although a separa­
tion of primary and secondary glass production 
centers has been suggested as an abiding model 
for ancient glass production, it would make lit­
tle sense to export raw glass from an urban cen­
ter such as cairo, Damascus, or raqqa in order 
to form bangles (or glass vessels) in a different 
urban center, when there would have been an 
ex ist ing demand for them among the popula­
tions of these cities. Whether or not this separa­
tion existed would have depended, in part, on 
where bangle­ or vessel­making specialists were 
located. 
The trail­decorated type of bangle from Khir­
bat Faris, which is also found at hebron and 
erani, was made from the very unusual soda­
lime glass referred to here as “mineral” glass. it 
is notable that two bangles of this composition­
al type have no ancient “islamic” parallels and 
that one bangle with ove or flower­type deco­
ration (Fig. 2, no. 220) has a parallel in jewelry 
of the third and second centuries B.c. found in 
eastern europe.98 The only possible example for 
which a medieval date can be suggested is from 
Tell abu sarbut (Table 1, aB2), but even this 
was a surface find, so it cannot be securely dat­
ed. Because the only securely dated parallels for 
this compo sitional type are from the 19th cen­
tury,99 such a production date would explain the 
use of raw materials that are purer than those 
used to make ancient glasses.
Until examples of this compositional type are 
found in secure “ancient” (e.g., Mamluk) con­
texts, it is difficult to be certain whether the type 
is indeed the result of ancient production. at 
the moment, it does not seem likely. Further ar­
cheo logical and scientific work may eventually 
shed light on the origins of some of the glass 
found at the hebron workshop referred to 
above.100 some examples are highly colored and / 
or opaque (Fig. 2), and the use of tin oxide, a 
typical ancient islamic opacifying raw material, 
is some what unexpected if the glass was made 
in the 19th century. it is therefore important 
to establish when this glass was first manufac­
tured.
chemical analysis supports the idea of the 
diffusion of raw glass and bangles. hawking is 
one mechanism that can be suggested for this. 
it is also possible that the same ethnic groups 
present at the two sites used bangles of similar 
origins. There are several possible interpreta­
tions for the presence of a group of dark mono­
chrome bangles that contain high alumina levels. 
The first is that the bangles themselves were im­
ported from india, africa, or southeast asia, the 
second is that the bangles moved as a result of a 
pop ulation movement, and the third is that raw 
glass was imported from these areas and made 
into bangles in the Middle east. Their chemical 
analy ses suggest that different glass types were 
mixed, and this could have occurred in the Mid­
 dle east. The lack of compositional parallels for 
the high–potassium oxide, high­alumina glass­
es among published examples of african, indi­
an, and southeast asian high­alumina glasses 
increases the possibility that the mixing of glass 
occurred in the Middle east.
The question remains as to whether the char­
acteristics of the material culture at Khirbat 
Faris and Tell abu sarbut, with the occurrence 
of dark, smooth bangles, is exceptional. in the 
future, per haps it will be possible to create par­
allels with symbolic aspects of color, of great 
importance in the islamic world, so that we will 
be able to suggest that they formed part of a spe­
cial cultural / belief tradition. Ongoing research 
by s.B. at Tell hesban (central Jordan) and at 
hubras and Malka (both in northern Jordan) 
will shed further light on this first set of data, 
especially in relation to regional and cultural as­
pects of glass study.101
98. Paul­Marie Duval, Les Celtes, l’Univers des formes, v. 
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